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for IH. Among these decays, only B + → K + µ ± e ∓ in the case of NH is promising at the LHCb RUN II, while for IH all LFV decays are hard to detect in the near future.
I. INTRODUCTION
Neutrino oscillation experiments suggest that neutrinos have masses, which provides a definite piece of evidence for physics beyond the standard model (SM). Yet, the origin of tiny neutrino masses still remains unknown. Many authors [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] propose that neutrino masses might originate from physics at the TeV scale, whose effects could be tested at the LHC [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . Recently, the LHCb collaboration has found hints for the violation of lepton flavor universality in the semi-leptonic decays of the B meson by measuring the ratio [30] :
−0.07 ± 0.03 for 0.045 < q 2 < 1.1 GeV 2 , 0.69
which differs from the SM prediction [31] by 2.1 − 2.3σ in the low q 2 region and 2.4 − 2.5σ in the medium q 2 region. Here q 2 is the momentum squared of the leptonic system. A few years earlier, the LHCb also measured the ratio [32] ,
for 1 < q 2 < 6 GeV 2 , which is 2.6σ deviation from the SM prediction [33] . In addition, ATLAS [34] ,
Belle [35] , and LHCb [36] observed the so-called P 5 angular observable discrepancy in the decay B → But the CMS [37] measurement in the same decay channel is consistent with the SM. In the meanwhile, LHCb also found a 3.5σ disagreement with the SM prediction in the measurement of differential branching fraction and angular analysis of the decay B 0 s → φµ + µ − . All these anomalies involve the same parton level process b → s ( = e, µ), hinting at potential new physics beyond the SM, and have caused vigorous discussions on their possible origin .
In this paper we explore the possibility that both neutrino masses and the R K ( * ) anomaly have a common origin; see Refs. [93] [94] [95] [96] [97] [98] [99] [100] [101] [102] [103] [104] for some of earlier discussions in this spirit. While previous studies pay less attention to the inverted neutrino mass hierarchy (IH) than the normal hierarchy (NH), we stress that it is worthwhile to examine both in detail. To be specific, we consider the colored Zee-Babu model proposed in Ref. [105] to interpret the R K ( * ) anomaly. Some other possible phenomenologies in this model have been explored in Refs. [106] [107] [108] . By adopting a suitable parametrization, we find that the model with neutrino masses in either NH or IH could accommodate the R K ( * ) anomaly. More interestingly, the model predicts measurable lepton flavor violating (LFV) decays of the B-meson at the LHCb RUN II [93] , in particular the decay B → Ke ± µ ∓ in the case of NH, which could be used to distinguish between the two hierarchies.
Neutrino masses generated at two loops.
The rest of this paper is organised as follows. In Sec. II the colored Zee-Babu model and constraints on it are briefly reviewed. In Sec. III, we perform a scan of parameter space for both NH and IH to interpret the R K ( * ) anomaly, and discuss LFV decays of the B-meson. Finally, our conclusions are summarized in Sec. IV.
II. MODEL AND CONSTRAINTS

A. Model Setup
The colored Zee-Babu model [105] introduces a scalar leptoquark S ∼ (3, 3, − 
the Yukawa couplings relevant for neutrino masses are
where i, j are the flavor indices and α, β the color indices. The diquark Yukawa matrix y ω is obviously symmetric while y S for the leptoquark is generally complex. As shown in Fig. 1 , the neutrino masses are generated at two-loop level with the help of the above Yukawa couplings and the trilinear coupling between the leptoquark and diquark contained in the complete scalar potential:
Here the trace is understood to be done separately for the weak isospin and color indices; e.g., the trace in the µ term is S α ij ω * αβ S β ji and that in the λ Sω2 term is S * α ij ω αβ ω * βγ S γ ij . When the SM Higgs doublet Φ develops the vacuum expectation value v/ √ 2, the S particles of various electric charges are generally split in mass due to their quartic couplings with Φ:
To avoid constraints from the oblique parameters [97] , we assume these scalars are degenerate by taking λ ΦS1 = λ ΦS2 = 0, and denote their mass as m S . In our later numerical study, we will consider m S > 1 TeV to respect the direct search bounds at LHC [109] [110] [111] [112] [113] [114] [115] and for the diquark ω we take m ω > 7 TeV to escape the dijet bounds [116, 117] .
The neutrino mass matrix generated through Fig. 1 is [118] ,
where , denote the neutrino flavor and i, j the down-type quark flavor summed over, and I ij is a loop integral, which in the limit of large leptoquark and diquark masses simplifies to
withĨ
M ν is then diagonalized by the PMNS matrix through 
B. Constraints
There are precision low-energy measurements that can be applied to constrain the parameters in the model under consideration. Since the new particles are heavy, it is convenient to work with an effective field theory in which their low-energy effects are represented by a series of effective interactions. For instance, the leptoquark Yukawa couplings induce lepton or quark flavor violating transitions at the tree level. These transitions can be organized in terms of the four-Fermi effective interactions involving two leptons and two quarks [121] ,
Here O ijkn refer to operators like 
And the constraint on the decay K → πνν from operators like
while the bound from the analogous decay B → Kνν due to the operators
The LFV radiative decays i → j γ are induced at one loop by the exchange of a leptoquark S with the branching ratio [97] :
The current experimental bounds are, BR(µ → eγ) < 4.2×10 −13 [122] , BR(τ → µγ) < 4.4×10 −8 [123] , and BR(τ → eγ) < 3.3 × 10 −8 [123] , which can be used to constrain |(y S y † S ) ij | for a given m S . The anomalous magnetic moment of the charged lepton can also be obtained [97] :
Even if assuming j |(y ij S )| 2 ∼ 1 and m S ∼ 1 TeV, one can only get |∆a µ | ∼ 5.2 × 10 −11 , which is far below the current limit [124] .
Finally, the diquark Yukawa couplings contribute at tree level to the neutral meson mixing of K 0 -K 0 ,
, and B 0 s -B 0 s . The bounds on the corresponding Wilson coefficients were obtained in Ref. [125] :
III. THE R K ( * ) ANOMALY
In the colored Zee-Babu model the exchange of a leptoquark at tree level contributes to the decay b → s + − , and could thus be relevant to the R K ( * ) anomaly indicating lepton universality violation. The general effective Hamiltonian describing the decay is parameterized as [41] ,
where O i (µ) are effective operators with Wilson coefficients C i (µ) renormalized at the scale µ. In the SM the dominant contributions come from C SM 9 and C SM 10 with C SM 9 = −C SM 10 while the dipole term is negligibly small with |C 
upon applying a Fierz identity. Differently from most previous studies where the new physics contribution to C e 9,10 is ignored, we found for the model under consideration that it can be comparable to that of C In our numerical calculation, we work with a parametrization of the Yukawa coupling y S suggested in
Ref. [108] and employed the 2σ ranges for the neutrino mixing parameters in Ref. [127] . For the remaining free parameters we scan in their following ranges: 
where m 1 (m 3 ) is the lightest neutrino mass in the case of NH (IH). We apply the constraints from FCNC, LFV, and R K ( * ) sequentially. In Figs. 2 and 3 , the relations between the leptoquark Yukawa couplings y ij S and mass m S are shown for survived sample points in NH and IH respectively. We see that the LFV processes set more strict bounds than the FCNC ones. And fewer points could interpret the R K ( * ) anomaly which restricts the Wilson coefficients C e 9 − C µ 9 to a pretty narrow region.
We find a few features in the Yukawa couplings which could interpret the R K ( * ) anomaly while satisfying all other constraints. There exists a hierarchy between |y i1 S | and |y values of y S s increase with m S because the actual constraints are set on the combination y 2 S /m 2 S .
After imposing all the constraints in Sec. II B, we get the survived regions of parameters. In Fig. 4 we present the distribution of sample points for C e 9 − C µ 9 in the cases of NH and IH as a function of the leptoquark mass m S . While the anomaly can be accommodated for both NH and IH, the case of NH has more survived samples. In Fig. 5 , we show the individual contributions of C e,µ 9 to the R K ( * ) anomaly. It is clear that for NH the dominant contribution is C µ 9 while C e 9 ≈ 0. For IH however, both C e 9 and C the most stringent constraints come from the B + meson decays [128] :
where a sum over oppositely charged leptons is implied. The branching ratios can be normalized to that for the lepton flavor conserving decay B + → K + µ + µ − [44, 51] :
where i = j and A SM denotes the SM amplitude dominated by C SM 9 = −C SM 10 while ignoring the smaller C SM 7 term 1 ,
with the Wilson coefficient C SM 9 (m b ) = 4.2 [41] , and φ eµ 1, φ eτ = φ µτ 0.63 account for phase space differences [93] . The LHCb collaboration has yielded Br(B + → K + µ + µ − ) = 4.29 × 10 −7 [131] . The [129] . Therefore in the amplitude for B → Kµ + µ − , the qµ term due to C SM 7 O7 vanishes by current conservation while the photon propagator is removed by the explicit factor of q 2 in the first term.
The latter combines with the C distributions of branching ratios are presented in Fig. 6 . As one can see clearly, all LFV decay branching ratios are under the current limits. While for IH the sample points are concentrated for each decay, the points are more scattered in the case of NH. The largest LFV branching ratio under NH arises in the channel B + → K + µ ± τ ∓ and is about 10 −9 , while under IH the branching ratios for the other two channels are the largest but of order 10 −11 . We thus observe a correlation between the neutrino mass hierarchy and the LFV decays of the B + meson:
From the experimental point of view, the decay B + → K + µ ± e ∓ is the easiest to search for. Considering the LHCb RUN II will reach the region of O(10 −10 ) in this channel [93] , only NH will have a chance to be detected in certain parameter regions.
IV. CONCLUSION
We have studied the R K ( * ) anomaly in the colored Zee-Babu model that accounts for tiny neutrino mass as a two-loop effect due to interactions with a leptoquark and a diquark. Upon parameterizing the R K ( * )
anomaly related Yukawa coupling y S in terms of neutrino parameters and free parameters, we successfully acquired parameter regions that can accommodate the anomaly while evading various constraints from LFV and FCNC processes and direct searches for leptoquarks and diquarks. We found that the anomaly can be interpreted for both NH and IH scenarios. For the phenomenologically viable sample points in parameter space, there is a hierarchical structure in the leptoquark Yukawa couplings y S , e.g., |y i1 S | |y . We thank the anonymous referee for comments that have helped us improve our presentation and made our statements more precise.
